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INNER/OUTER description 
WA RA C B 

0 0 0 0 Non cacheable, non butlerable (NC) 

0 0 0 1 Butferahle only (NC) 

0 0 1 0 Cacheable but do not allocate (NC) 

0 0 1 1 Cacheable and bufterable, do not allocate (NC) 

0 1 1 0 Cacheable write throughr allocate on read (WTRA) 

0 1 1 '1 Cacheable write back, allocate on read (WBRA) 

1 0 1 0 Cacheable write through, allocate on write (WTWA) 

1 0 1 1 Cacheable write back, allocate on write (WBWA) 

1 1 1 0 Cacheable write through, allocate on both read and write (WTRAWA) 

1 1 1 1 Cacheable write back, allocate on both read and write (WBRAWA) 

FIG. 3 

Inner cache Outer cache L2 Write miss + Write 
attributes attributes backs x [0] set Read hit Read miss 
WBRA WTRA allocate + L3(Wrl clean + invalidate no allocation 
WBRA WBRA allocate clean + invalidate no allocation 
WBRA WTWA allocate + L3(Wrl clean + invalidate no allocation 
WBRA WBWA allocate clean + invalidate no allocation 
WBRA WTRAWA allocate + L3(Wr) clean + invalidate no allocation 
WBRA WBRAWA allocate 'clean + invalidate no allocation 
WBRAWA’ WTRA allocate + L3lWr) clean + invalidate no allocation 
WBRAWA WBRA. allocate clean + invalidate no allocation 
WBRAWA WTWA allocate + L3(Wr) clean + invalidate no allocation 
WBRAWA WBWA allocate clean + invalidate no allocation 
WBRAWA WTRAWA allocate + L3(Wr) clean + invalidate no allocation 
WBRAWA WBRAWA allocate clean + invalidate no allocation 
WTRA = Writethrough with read allocate set. 
WTWA = Writethrough with write allocate set. 
WTRAWA = Writethrough with read and write allocate set. 
WBRA = Writeback with read allocate set. 
WBWA = Writeback with write allocate set. 
WBRAWA = Writeback with read and write allocate set. 

FIG. 4 
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CACHING DATA 

FIELD OF THE INVENTION 

The present invention relates to the caching data. Example 
embodiments of the present invention relate to techniques for 
caching data values in a data processing apparatus having a 
level one cache and a level tWo cache. 

BACKGROUND 

In a data processing apparatus, it is often the case that 
multiple caches are provided. In one such data processing 
apparatus arrangement there may be, provided a level one 
cache and a level tWo cache, both of Which may be provided 
on-chip together With a processor core. A level three memory, 
Which is typically provided off-chip, is a main repository for 
data values. 

Data values required by the processor core are typically 
stored in the level one cache. The level one cache is rapidly 
accessible by the processor core. HoWever, in order to main 
tain rapid access times to the level one cache, its siZe is 
typically small. Hence, it is knoWn to provide a level tWo 
cache in Which data values may be stored on-chip so that they 
may be accessed should they be required by the processor 
core Without having to perform a sloWer data access to the 
level three memory. 

Such an arrangement provides for improved performance 
by enabling the most frequently used data values to be acces 
sible readily by the level one core. But, a problem With such 
an arrangement is that controlling Where to store data values 
is complicated When more than one cache is provided. 
Accordingly, it is desired to provide a improved technique for 
caching data values When more than one cache is provided. 

SUMMARY 

According to a ?rst aspect there is provided a method of 
caching data values in a data processing apparatus, the data 
processing apparatus comprising a level one cache and a level 
tWo cache, both the level one cache and the level tWo cache 
being operable to store the data values, the method compris 
ing the steps of: a) receiving a transaction request in Which a 
data transaction relating to a data value is requested to occur, 
the transaction request including cache policy attributes asso 
ciated With an address of the data value; and b) determining 
from the cache policy attributes Whether or not the data value 
can be stored by the level one cache and the level tWo cache 
and, if so, in Which one of the level one cache and the level tWo 
cache the data value is to be stored in order to ensure that the 
data value is prevented from being stored in both the level one 
cache and the level tWo cache. 

Providing cache policy attributes With each data transac 
tion enables a simple determination to be made of Which 
cache should be used to store each data value, With other 
caches being prevented from storing that data value. Such an 
approach obviates the need to perform any complex opera 
tions in order to determine Which cache should be used to 
store that data value. It Will be appreciated if the same data 
values Were stored in the level one cache and the level tWo 
cache, the available space for storing other data values is 
reduced. Hence, a data value may be prevented from being 
stored in both the level one cache and the level tWo cache at 
the same time. Preventing a data value from being stored in 
both the level one cache and the level tWo cache at the same 
time ensures that the level one cache and level tWo cache do 
not store duplicate data. Hence, a simple technique is pro 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
vided Which also frees up space in the level one cache and 
level tWo cache for further data values and so increases the 
likelihood of a cache hit occurring. 

In non-limiting example embodiments, the transaction 
request is a request to allocate the data value to the level one 
cache and the step (b) comprises: determining Whether the 
cache policy attributes indicate that the data value is Write 
back cacheable to the level one cache and, if so, the method 
further comprises the step of requesting the data value from 
the level tWo cache and, if the request results in a level tWo 
cache hit, storing the data value to the level one cache and 
invalidating the data value stored in the level tWo cache. 

Hence, in the event the data value is indicated by the cache 
policy attributes associated With the data transaction as being 
cacheable in the level one cache, the level tWo cache is 
accessed and, if the data value is stored in the level tWo cache, 
it is copied to the level one cache and the data value in the level 
tWo cache is marked as invalid so that the duplicate entry in 
the level tWo cache may be freed to enable other data values to 
be stored in that entry When required. 

In non-limiting example embodiments, the transaction 
request is a request to allocate the data value to the level one 
cache and the step (b) comprises: determining Whether the 
cache policy attributes indicate that the data value is Writea 
back cacheable to the level one cache and, if so, the method 
further comprises the step of requesting the data value from 
the level tWo cache and, if the request results in a cache miss, 
accessing the data value from a level three memory and stor 
ing the data value to the level one cache. 

Hence, in the event the data value is indicated by the cache 
policy attributes associated With the data transaction as being 
cacheable in the level one cache, the level tWo cache is 
accessed and, if the data value is not stored in the level tWo 
cache, it is retrieved from the level three memory and stored 
in the level one cache. 

In non-limiting example embodiments, the transaction 
request is a request to allocate the data value to the level one 
cache, the cache policy attributes indicate that the data value 
is Writeaback cacheable to the level one cache, the step of 
requesting the data value from the level tWo cache results in a 
cache miss and the step accessing the data value from a level 
three memory and storing the data value to the level one cache 
comprises accessing the data value from the level three 
memory and storing the data value to the level one cache 
Without storing the data value in the level tWo cache irrespec 
tive of Whether the cache policy attributes indicate that the 
data value may be stored in the level tWo cache. 

Hence, in the event the data value is indicated by the cache 
policy attributes associated With the data transaction as being 
cacheable in the level one cache, the level tWo cache is 
accessed and, if the data value is not stored in the level tWo 
cache, it is retrieved from the level three memory and stored 
directly in the level one cache Without a duplicate entry being 
stored in the level tWo cache, even if the cache attributes 
indicate that an entry should be made. 

In non-limiting example embodiments, the transaction 
request is a request to evict the data value from the level one 
cache and the step (b) comprises: determining Whether the 
cache policy attributes indicate that the data value is cache 
able to the level tWo cache and, if so, the method further 
comprises the step of evicting the data value stored in the level 
one cache and storing the evicted data value to the level tWo 
cache. 

Hence, in the event the data value is indicated by the cache 
policy attributes associated With the data transaction as being 
cacheable in the level tWo cache, the data value is Written to 
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the level tWo cache and the duplicate entry in the level one 
cache may be overwritten to enable other data values to be 
stored in that entry. 

In non-limiting examples embodiments, the transaction 
request is a request to evict the data value from the level one 
cache, the cache policy attributes indicate that the data value 
is Writeaback cacheable to the level tWo cache, the method 
further comprises the step of evicting the data value stored in 
the level one cache, storing the evicted data value to the level 
tWo cache, and toting the evicted data value in the level three 
memory. 

Hence, in the event the data value is indicated by the cache 
policy attributes associated With the data transaction as being 
Writethrough cacheable in the level tWo cache, the data value 
is Written to the level tWo cache and the level three memory 
using the data value evicted from the level one cache. 

In non-limiting example embodiments, the transaction 
request is a request to evict the data value from the level one 
cache, the cache policy attributes indicate that the data value 
is Writeback cacheable to the level tWo cache, the method 
further comprises the step of evicting the data value stored in 
the level one cache, storing the evicted data value to the level 
tWo cache, and marking the evicted data value in the level tWo 
cache as being dirty unless the cache policy attributes indicate 
the evicted data value as being clean. 

Hence, in the event the data value is indicated by the cache 
policy attributes associated With the data transaction as being 
Writeback cacheable in the level tWo cache, the data value is 
Written to the level tWo cache and the level three memory 
using the data value evicted from the level one cache. Also, 
the data value in the level tWo cache is marked as dirty, as 
required. 

In non-limiting example embodiments, the transaction 
request is a request to evict the data value from the level one 
cache and the step (b) comprises: determining Whether the 
cache policy attributes indicate that the data value is cache 
able to the level tWo cache and, if not, the method further 
comprises the step of evicting the data value stored in the level 
one cache and storing the evicted data value to the level three 
memory. 

In non-limiting example embodiments, the cache policy 
attributes comprise an inner attribute indicative of a cache 
policy adopted by the level one cache for the address value 
and an outer attribute indicative of the cache policy adopted 
by the level tWo cache for the address value. 

In non-limiting example embodiments, the cache policy 
attributes are provided for transactions relating to data values 
other than those representing instructions. 

In non-limiting example embodiments, the method further 
comprises the step of providing page tables associating each 
data value With predetermined cache policy attributes. 

According to a second aspect there is provided a data 
processing apparatus operable to cache data values, the data 
processing apparatus comprising a level one cache and a level 
tWo cache, both the level one cache and the level tWo cache 
being operable to store the data values, the data processing 
apparatus comprising: reception logic operable to receive a 
transaction request requesting a data transaction of a data 
value occur, the transaction request including cache policy 
attributes associated With an address of the data value; and 
determining logic operable to determine from the cache 
policy attributes Whether or not the data value can be stored by 
the level one cache and the level tWo cache and, if so, the 
determining logic being further operable to determine in 
Which one of the level one cache and the level tWo cache the 
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4 
data value is to be stored in order to ensure that the data value 
is prevented from being stored in both the level one cache and 
the level tWo cache. 

According to a third aspect there is provided a data pro 
cessing apparatus for caching data values, the data processing 
apparatus comprising a level one cache and a level tWo cache, 
the level one cache and the level tWo cache both for storing the 
data values, the data processing apparatus comprising: recep 
tion means for receiving a transaction request requesting a 
data transaction of a data value occur, the transaction request 
including cache policy attributes associated With an address 
of the data value; and determining means for determining 
from the cache policy attributes Whether or not the data value 
can be stored by the level one cache and the level tWo cache 
and, if so, for determining in Which one of the level one cache 
and the level tWo cache the data value is to be stored in order 
to ensure that the data value is prevented from being stored in 
both the level one cache and the level tWo cache. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a data processing apparatus; 
FIG. 2 illustrates the arrangement of an entry in the caches 

illustrated in FIG. 1; 
FIG. 3 is a table illustrating the components of the cache 

policy attributes; 
FIG. 4 is a table illustrating the cache policy adopted 

dependent on the type of data transaction being performed 
and the cache policy attributes associated With that data trans 
action; and 

FIG. 5 is a How chart illustrating the operation of the 
caching technique performed by the data processing appara 
tus of FIG. 1. 

DESCRIPTION 

FIG. 1 illustrates a data processing apparatus, generally 10. 
The data processing apparatus 10, comprises level one pro 
cessor 15 having a processor core, 20 coupled With a level one 
cache controller 30, Which is coupled With a level one cache 
40. Coupled With the level one processor 15 is a level tWo 
cache controller 45, Which is in turn coupled With a level tWo 
cache 50. Coupled With the level tWo cache controller 45 is a 
level three memory 60. The level three memory 60 is a main 
repository for data values (Which involves both data and 
instructions) stored at addresses in the level three memory 60. 
As Will be appreciated by those skilled in the art, level one 

processor 15, in response to instructions being executed 
causes data values to be retrieved from the level three memory 
60 to enable those data values to be processed. The data values 
are retrieved to one of the level one cache 40 and the level tWo 
cache 50, in accordance With a predetermined cache alloca 
tion policy. Hereafter, the term data value Will be used to refer 
to both instructions and data. The cache allocation policy 
ensures that exclusive caching occurs, Whereby the data val 
ues are only ever stored (also knoWn as allocated) in either the 
level one cache 40 or the level tWo cache 50. 

In typical operation, the data values are retrieved from the 
level three memory 60 and allocated to the level one cache 40 
because the level one cache 40 is most readily accessible by 
level one processor 15 and hence, the required data values can 
be accessed quickly. HoWever, to enable the level one cache 
40 to be accessed as quickly as possible, its siZe is necessarily 
limited. Accordingly, a situation arises Whereby the level one 
cache 40, may become full. In this situation, data values are 
then evicted to the level tWo cache 50 for storage (or alloca 
tion) therein. Allocating the data to the level tWo cache 50 
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instead of evicting the data back to the level three memory 60 
enables the data values to be retrieved by the level one cache 
40 more quickly, should they be required subsequently. In this 
Way, it Will be appreciated that the level one cache 40 can 
maintain all the speed bene?ts required of it, Whilst a certain 
subset of data values can still be stored on-chip and accessed 
relatively quickly, When required. Hence, it Will be appreci 
ated that such an approach can improve the performance of 
the data processing apparatus 10 since data values associated 
With, for example, various sub-routines can be sWitched 
betWeen the level one cache 40 and the level tWo cache 50 as 
required. 

Hence, either the level one cache 40 or the level tWo cache 
50 Will store the data value associated With a memory address 
until it is overWritten by a data value for a neW memory 
address required by the core 20. The data values are stored in 
the level one cache 40 or the level tWo cache 50 using either 
physical or virtual memory addresses. Depending on the 
cache policy adopted, should the data value in either cache 
have been altered then it is usual to ensure that the altered data 
value is reWritten to the level three memory 60, either at the 
time that the data value is altered (referred to as Write 
through) or When the data value in the cache is over Written 

(referred to as Write-back). 
Before discussing the arrangement of the data processing 

apparatus illustrated in FIG. 1 in more detail, the arrangement 
of the level one cache 40 and the level tWo cache 50 Will be 
described in more detail With reference to FIG. 2. 

A number of different con?gurations have been developed 
for organising the contents of a cache. One such con?guration 
is the so-called loW associative cache. In an example 16 K 
byte loW associative cache, such as the level one cache 40, 
there are provided four cache Ways Which each contain a 
number of cache lines. A data value (in the folloWing 
example, a Word) associated With a particular address can be 
allocated in a particular cache line of any of the four cache 
Ways (i.e. each set has four cache lines). Each cache Way 
stores 4 Kbytes (16 Kbyte cache/4 cache Ways). If each cache 
line stores 8 32-byte Words, then there are 32 bytes/cache line 
(8 Words><4 bytes/Word) and 128 cache lines in each cache 
Way (4 Kbytes/cache Way)/ (32 bytes/cache line)). Hence, in 
this illustrative example, the total number of sets Would be 
128. 

The contents of a memory address associated With each 
data value is illustrated in FIG. 2. The memory address 70 
consists of a TAG portion 80, and set, Word, and byte portions 
90, 100 and 110, respectively. The set portion 90 of the 
memory address 70 is used to identify a particular set Within 
the level one cache 40. The Word portion 100 identi?es a 
particular Word Within the cache line, identi?ed by the set 
portion 90 that is the subject of the access by the processor 
core 20, Whilst the byte portion 110 alloWs a particular byte 
Within the Word to be speci?ed, if required. 
A Word stored Within the level one cache 40 may be read by 

specifying the memory address 70 of the Word and by select 
ing the cache Way Which stores the Word (the TAG portion 80 
is used to determine in Which cache Way the Word is stored). 
A logical address 120 (consisting of the set portion 90 and the 
Word portion 100) then speci?es a logical address of the Word 
Within that cache Way. A Word stored in the level one cache 40 
may be overWritten to alloW a neW Word for an address 
requested by the processor core 20 to be allocated. Typically, 
When allocating Words in the level one cache 40, a so-called 
“line ?ll” technique is used Whereby a complete cache line of, 
for example, eight Words (32 bytes) Will be fetched and 
stored. 
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6 
In addition to the TAG stored in the TAG portion 80 of each 

cache line, a number of status bits are preferably provided for 
each cache line. Preferably the status bits are also provided 
Within a TAG memory of the level one cache 40. Hence, 
associated With each cache line are a valid but 130 and a dirty 
bit 140. 
As Will be appreciated by those skilled in the art, the valid 

bit 130 is used to indicate Whether a data value stored in the 
corresponding cache line is still considered valid or not. 
Hence, setting the valid bit 130 Will indicate that the corre 
sponding data values are valid, Whilst clearing the valid bit 
130 Will indicate that at least one of the data values is no 
longer valid and, hence, can be freely overwritten. 

Further, as Will be appreciated by those skilled in the art, 
the dirty bit 140 is used to indicate Whether any of the data 
values stored in the corresponding cache line are more up-to 
date than the data value stored in the level three memory 60. 
The value of the dirty bit 140 is irrelevant for Write-back 
regions of memory, Where a data value provided by the pro 
cessor core 20 and allocated to the level one cache 40 or the 
level tWo cache 50 is not immediately also passed to the level 
three memory 60 for storage, but rather the decision as to 
Whether that data value should be passed to the level three 
memory 60 is taken at the time that the particular cache line is 
overWritten or “evicted”, from the level one cache 40 or the 
level tWo cache 50. Accordingly, not setting the dirty bit 140 
Will indicate that the data values stored in the corresponding 
cache line also correspond to the data values stored in the 
level three memory 60, Whilst setting the dirty bit 140 Will 
indicate that at least one of the data values stored in the 
corresponding cache line has been updated, and the updated 
value has not yet been passed to the level three memory 60. 

Returning noW to FIG. 1, the level one processor 15 con 
tains page tables 150, decode logic 160 and an eviction buffer 
170. 
The page tables 150 provide predetermined inner and outer 

cache policy attributes associated With addresses of data val 
ues. In this example, the cache policy attributes are associated 
With 4 Kbyte regions of memory. HoWever, it Will be appre 
ciated that the cache policy attributes could be associated With 
smaller regions of memory, or even With individual cache 
lines or data values, if required. The inner and outer cache 
policy attributes Will be discussed in more detail With refer 
ence to FIG. 3 beloW. 
The decode logic 160 receives a data transaction request 

from the processor core 20 to access a data value in the level 
one cache 40. The decode logic 160 accesses the page tables 
150 to determine the cache policy attributes associated With 
the address of the data value the subject of the data transaction 
request. The cache policy attributes provided by the page 
tables 150 determine Whether and Where the data value 
requested by the processor core 20 may be cached. 

Within the level one processor 15 is an eviction buffer 170 
Which is used to store data values evicted from the level one 
cache 40 When space is needed to be made to make room for 
data values required by the level one processor core 20. 
A bus is provided betWeen the level one cache controller 30 

and the level tWo cache controller 45 over Which various 
signals (including the cache policy attributes) are provided 
relating to the data transaction being performed. These sig 
nals are received by a slave port 42 in the level tWo cache 
controller 45. The signals include an address provided over 
the path 41 indicative of a data value or a line of data values 
being transferred. Also provided are the cache policy 
attributes from the page tables, With an inner cache attribute 
being provided over the path 31 and an outer cache attribute 
being provided over the path 33. The combination of the inner 
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and outer cache attributes provided over the path 31 and 33 
dictate the cache policy associated With the associated 
address value provided over the path 41 Which, as Will be 
explained in more detail below, ensures that the data value is 
not stored in both the level one cache 40 and the level tWo 
cache 50 at the same time. 

In addition to these signals a number of further signals are 
provided by the level one processor 15 . An instruction/data 
signal is provided over the path 37 Which indicates Whether 
the data value associated With the address provided over the 
path 41 is either an instruction or data. In the event that the 
instruction/data signal provided over the path 37 indicates 
that the address value is associated With instructions then the 
outer caching policy is unaffected by the inner cache attribute. 

Also, a clean/ dirty signal is provided over the path 39 
indicative of Whether the data value is clean or dirty. 

Furthermore, an eviction signal is provided over the path 
35 indicative of Whether the data value associated With the 
address provided over the path 41 is Write-back or not. 

These signals are provided to the controller logic 44 and are 
interpreted by the controller 44 in order to control the caching 
behaviour of the level tWo cache 50, as Will be explained in 
more detail With reference to FIG. 4. 

FIG. 3 illustrates in more detail the inner and outer cache 
attribute signals provided over the paths 31 and 33. Both the 
inner and outer attribute signals comprise 4 bits. 

The ‘B’ bit indicates Whether or not the associated address 
is bufferable or not If the data value is bufferable then the level 
tWo cache 40 can delay the operation (this is only relevant for 
Write operations). In this case, a response is sent to the level 
one processor 15, and not from the ?nal destination, such as 
the level three memory 60. 

The ‘C’ bit indicates Whether the data value is cacheable or 
not. Accordingly, the transaction at the ?nal destination does 
not have to match the characteristics of the originating trans 
action. For Write operations, this means that a number of 
different Write transactions can be merged together. For read 
transactions, this means that a location can be pre-fetched or 
can be fetched just once for multiple read transactions. 

The ‘RA’ bit indicates read allocate. This means that a read 
transfer, if it misses, should be allocated in the level tWo cache 
40. 

The ‘WA’ bit indicates Write allocate. This means that a 
Write transfer, if it misses, should be allocated in the level tWo 
cache 40. 

It Will be appreciated that by setting the bits as indicated in 
FIG. 3, a number of different cache allocation policies can 
readily be provided for each data transaction. As mentioned 
previously, these inner and outer cache attributes are deter 
mined by reference to the page tables 150 Which contain 
predetermined policy attributes of data values stored at dif 
ferent addresses. These cache attributes are then used by the 
level one processor 15 and the cache controller 40 in order to 
determine Where any particular data value should be stored 
for each data transaction. 

FIG. 4 illustrates in more detail the caching policy adopted 
dependent on the type of transaction being performed and the 
cache policy attributes associated With that transaction. 

In overvieW, data values are not permitted to reside in the 
level one cache 40 and the level tWo cache 50 at the same time. 
When a data transaction occurs in Which a data value is 

requested by the level one processor 15 to be Written to the 
level one cache 40 and this results in a level tWo cache 50 hit, 
the data value is passed to the level one cache 40 and the cache 
line in the level tWo cache 50 is invalidated. 
When a data transaction occurs in Which a data value is 

requested by the level one processor 15 to be Written to the 
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8 
level one cache 40 and this results in a level tWo cache 50 
miss, the outer cache attributes are overridden, the data value 
retrieved from the level three memory 60 is not Written to the 
level tWo cache 50 and instead is simply passed to the level 
one cache 40. 
When data is to be evicted from the level one cache 40, the 

level tWo controller 45 Will allocate this data to the level tWo 
cache 50 unless the outer cache attributes indicate the data 
value as being non-cacheable. The level one controller 30 Will 
also indicate Whether the data is clean, this is read by the level 
tWo controller 45 only When the eviction signal over the path 
35 is set, otherWise, this value is ignored. Accordingly, if the 
outer cache attribute is set at Write-through read allocate, data 
is allocated to the level tWo cache 50 and the level three 
memory 60 is also Written to. If the outer cache attribute is set 
at Write-back, data is allocated to the level tWo cache 50 and 
marked as dirty in level tWo cache 50 unless the clean/dirty 
signal provided over the path 39 is set as clean. 

In this Way, it can be seen that cache policy attributes can 
readily be provided With each data transaction, and the cache 
controllers 30 and 40 can readily determine from these cache 
policy attributes Which of the level one cache 40 and the level 
tWo cache 50 should store that data value such that the data 
value is not duplicated in both caches. 

FIG. 5 is a ?oW-chart illustrating the operation of the exclu 
sive caching technique performed by the data processing 
apparatus of FIG. 1. 
At step s10, a determination is made as to Whether the data 

transaction relates to an instruction or data. This determina 
tion is made With reference to the instruction/data signal 
provided over the path 37. In the event that the signal provided 
over the path 37 indicates that the data transaction relates to an 
instruction then processing proceeds to step s20 Whereby the 
outer cache attribute is referred to in order to determine a 
caching policy for that instruction. In this example, exclusive 
caching is not used for instructions. 

If it is determined at step s10 that the data transaction 
relates to data then processing proceeds to step s30. 

At step s30, the type of access is determined. In the event 
that the access type is a read then processing proceeds to step 
s40. 
At step s40, a level tWo cache 40 look-up occurs. Hence, at 

step s50, the TAG portion 80 of the address is provided to the 
level tWo cache 50. In the event that a cache miss occurs, 
processing proceeds to step s60. 

At step s60, the data transaction is propagated to the level 
three memory 60 and When the data values are returned, these 
are not allocated to the level tWo cache 50 and are instead 
forWarded to the level one cache 40. 

In the event of a cache hit occurring at step s50, processing 
proceeds to step s70. 

At step s70, the data from the level tWo cache 50 is for 
Warded to the level one cache 40. Thereafter, at step s80, a 
determination is made of Whether that data value is dirty or 
not. In the event that the data value is determined not to be 
dirty then, at step s90, the data value in the level tWo cache 50 
is invalidated. 

In the event that at step s80, it is determined that the data 
value in the level tWo cache 50 is dirty then processing pro 
ceeds to step s100. 
At step s100, the dirty data value stored in the level tWo 

cache 50 is passed to the level three memory 60 to be updated 
and the data value stored in the level tWo cache 50 is invali 
dated. 

In the event that, at step s30, it is determined that the data 
transaction is associated With a Write then processing pro 
ceeds to step s110. 
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At step s110, it is determined Whether the data Written by 
the level one cache 40 is marked as an eviction. If the Write 
back signal is not set then processing proceeds to step s120 
Where the outer cache attribute is read to determine the cache 
in policy. 

If, at step s110, it is determined that the Write-back signal is 
set then processing proceeds to step s120. 
At step s120, it is determined Whether a level tWo Write 

through is to occur. In the event that a level tWo Write-through 
is not to occur the processing proceeds to step s130 Where the 
data value is allocated to the level tWo cache 50. In the event 
that, at step s120 it is determined that level tWo Write-through 
is to occur then, at step s140, the data is allocated to the level 
tWo cache 50 and also Written to the level three memory 60. 

The inner cache attribute is the signal SIDEBAND, the 
outer cache attribute is the signal ACACHE, the PROTEC 
TION signal indicates Whether the data is an instruction or is 
data, the WRlTEBACKl signal indicates Whether the data is 
clean or dirty and the WRITEBACKO signal indicates When 
an eviction occurs. 

Hence, it Will be appreciated that When a data transaction 
occurs by Which a data value is requested to be allocated to the 
level one cache 40, the inner cache attributes are examined 
and if these indicate Write-back cacheable then the level tWo 
cache 50 is accessed. If a hit occurs in the level tWo cache 50 
then the data value is then passed to the level one cache 40 and 
the level tWo cache line Which contained the data value is 
invalidated in order to remove that copy of the data value from 
the level tWo cache 50. When the access to the level tWo cache 
50 results in a cache miss then the outer cache attributes are 
ignored and no allocation to the level tWo cache 50 is per 
formed and the data is passed directly to the level one cache 
40 Without being allocated in the level tWo cache 50. Hence, 
once again the data value only appears in the level one cache 
40. 

When data is to be evicted from the level one cache 40, as 
indicated by the eviction signal, the level tWo controller 45 
Will allocate this data into the level tWo cache 50 unless the 
outer cache attributes indicate the data as non-cacheable. If 
the outer cache attribute is set to Write-through read allocate 
then the data value is allocated to the level tWo cache 50 and 
is also Written to the level three memory 60. If the outer cache 
attribute is Write-back then data is allocated to the level tWo 
cache 50 and Will automatically be marked as dirty unless the 
Write-back signal is set to indicate that the cache line is clean. 
lnboth events, the eviction from the level one cache 40 results 
in the data value being marked as invalid in the level one cache 
40. Accordingly, the data value only exists in the level tWo 
cache 50. 

Also, for all Write-through operations the data value is 
allocated to the level tWo cache 50 and also Written to the level 
three memory 60. For all Write-back operations, the data 
value is allocated to the level tWo cache 50. Only When the 
inner cache attributes are set to Write-hack does exclusive 
caching occur. 

It Will be appreciated that providing cache policy attributes 
With each data transaction enables a simple determination to 
be made of Which cache should be used to store each data 
value, With other caches being prevented from storing that 
data value. This approach removes the need to perform any 
complex operations in order to determine Which cache should 
be used to store that data value. Preventing a data value from 
being stored in both the level one cache 40 and the level tWo 
cache 50 at the same time ensures that the level one cache 40 
and level tWo cache 50 do not store duplicate data and so 
increases the likelihood of a cache hit occurring. 

20 

25 

35 

40 

45 

55 

60 

65 

10 
Although illustrative embodiments of the invention have 

been described herein With reference to the accompanying 
draWings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various 
changes and modi?cations can be affected therein by one 
scope in the art Without departing from the scope and spirit of 
the invention as de?ned by the appended claims. 

We claim: 
1. A method of caching data values in a data processing 

apparatus, said data processing apparatus comprising a level 
one cache and a level tWo cache, both said level one cache and 
said level tWo cache being operable to store said data values, 
said method comprising the steps of: 

a) receiving a transaction request in Which a data transac 
tion relating to a data value is requested to occur, said 
transaction request including cache policy attributes 
associated With an address of said data value; and 

b) determining from said cache policy attributes Whether or 
not said data value can be stored by at least one said level 
one cache and said level tWo cache and, if so, in Which 
one of said level one cache and said level tWo cache said 
data value is to be stored in order to ensure that said data 
value is prevented from being stored in both said level 
one cache and said level tWo cache at the same time even 
if said cache policy attributes indicate that said data 
value can be stored in both said level one cache and said 
level tWo cache. 

2. The method of claim 1, Wherein said transaction request 
is a request to allocate said data value to said level one cache 
and said step (b) comprises: 

determining Whether said cache policy attributes indicate 
that said data value is Writeback cacheable to said level 
one cache and, if so, said method further comprises the 
step of requesting said data value from said level tWo 
cache and, if said request results in a level tWo cache hit, 
storing said data value to said level one cache and invali 
dating said data value stored in said level tWo cache. 

3. The method of claim 1, Wherein said transaction request 
is a request to allocate said data value to said level one cache 
and said step (b) comprises: 

determining Whether said cache policy attributes indicate 
that said data value is Writeaback cacheable to said level 
one cache and, if so, said method further comprises the 
step of requesting said data value from said level tWo 
cache and, if said request results in a cache miss, access 
ing said data value from a level three memory and stor 
ing said data value to said level one cache. 

4. The method of claim 3, Wherein said transaction request 
is a request to allocate said data value to said level one cache, 
said cache policy attributes indicate that said data value is 
Writeaback cacheable to said level one cache, said step of 
requesting said data value from said level tWo cache results in 
a cache miss and said step accessing said data value from a 
level three memory and storing said data value to said level 
one cache comprises accessing said data value from said level 
three memory and storing said data value to said level one 
cache Without storing said data value in said level tWo cache 
irrespective of Whether said cache policy attributes indicate 
that said data value may be stored in said level tWo cache. 

5. The method of claim 1, Wherein said transaction request 
is a request to evict said data value from said level one cache 
and said step (b) comprises: 

determining Whether said cache policy attributes indicate 
that said data value is cacheable to said level tWo cache 
and, if so, said method further comprises the step of 
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evicting said data value stored in said level one cache 
and storing said evicted data value to said level tWo 
cache. 

6. The method of claim 5, Wherein said transaction request 
is a request to evict said data value from said level one cache, 
said cache policy attributes indicate that said data value is 
Writethrough cacheable to said level tWo cache, said method 
further comprises the step of evicting said data value stored in 
said level one cache, storing said evicted data value to said 
level tWo cache and storing said evicted data value in said 
level three memory. 

7. The method of claim 5, Wherein said transaction request 
is a request to evict said data value from said level one cache, 
said cache policy attributes indicate that said data value is 
Writeback cacheable to said level tWo cache, said method 
further comprises the step of evicting said data value stored in 
said level one cache, storing said evicted data value to said 
level tWo cache and marking said evicted data value in said 
level tWo cache as being dirty unless said cache policy 
attributes indicate said data value as being clean. 

8. The method of claim 1, Wherein said transaction request 
is a request to evict said data value from said level one cache 
and said step (b) comprises: 

determining Whether said cache policy attributes indicate 
that said data value is cacheable to said level tWo cache 
and, if not, said method further comprises the step of 
evicting said data value stored in said level one cache 
and storing said evicted data value to said level three 
memory. 

9. The method of claim 1, Wherein said cache policy 
attributes comprise an inner attribute indicative of a cache 
policy adopted by said level one cache for said address value 
and an outer attribute indicative of the cache policy adopted 
by said level tWo cache for said address value. 

10. The method of claim 1, Wherein said cache policy 
attributes are provided for transactions relating to data values 
other than those representing instructions. 

11. The method of claim 1, further comprising the step of: 
providing page tables associating each data value With 

predetermined cache policy attributes. 
12. A data processing apparatus operable to cache data 

values, said data processing apparatus comprising a level one 
cache and a level tWo cache, both said level one cache and said 
level tWo cache being operable to store said data values, said 
data processing apparatus comprising: 

reception logic operable to receive a transaction request 
requesting a data transaction of a data value occur, said 
transaction request including cache policy attributes 
associated With an address of said data value; and 

determining logic operable to determine from said cache 
policy attributes Whether or not said data value can be 
stored by at least one said level one cache and said level 
tWo cache and, if so, said determining logic being further 
operable to determine in Which one of said level one 
cache and said level tWo cache said data value is to be 
stored in order to ensure that said data value is prevented 
from being stored in both said level one cache and said 
level tWo cache at the same time even if said cache policy 
attributes indicate that said data value can be stored in 
both said level one cache and said level tWo cache. 

13. The data processing apparatus of claim 12, Wherein 
said transaction request is a request to allocate said data value 
to said level one cache and said determining logic is operable 
to determine Whether said cache policy attributes indicate that 
said data value is Writeback cacheable to said level one cache 
and, if so, said determining logic being further operable to 
request said data value from said level tWo cache and, if said 
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12 
request results in a level tWo cache hit, to store said data value 
to said level one cache and invalidate said data value stored in 
said level tWo cache. 

14. The data processing apparatus of claim 12, Wherein 
said transaction request is a request to allocate said data value 
to said level one cache and said determining logic is operable 
to determine Whether said cache policy attributes indicate that 
said data value is Writeaback cacheable to said level one cache 
and, if so, said determining logic being further operable to 
request said data value from said level tWo cache and, if said 
request results in a cache miss, to access said data value from 
a level three memory and to store said data value to said level 
one cache. 

15. The data processing apparatus of claim 14, Wherein 
said transaction request is a request to allocate said data value 
to said level one cache, said cache policy attributes indicate 
that said data value is Writeaback cacheable to said level one 
cache, said determining logic is operable to access said data 
value from said level three memory and to store said data 
value to said level one cache Without storing said data value in 
said level tWo cache irrespective of Whether said cache policy 
attributes indicate that said data value may be stored in said 
level tWo cache. 

16. The data processing apparatus of claim 12, Wherein 
said transaction request is a request to evict said data value 
from said level one cache and said determining logic is oper 
able to determine Whether said cache policy attributes indi 
cate that said data value is cacheable to said level tWo cache 
and, if so, said determining logic is further operable to evict 
said data value stored in said level one cache and to store said 
evicted data value to said level tWo cache. 

17. The data processing apparatus of claim 16, Wherein 
said transaction request is a request to evict said data value 
from said level one cache, said cache policy attributes indi 
cate that said data value is Writethrough cacheable to said 
level tWo cache and said determining logic is further operable 
to evict said data value stored in said level one cache, to store 
said evicted data value to said level tWo cache and to store said 
evicted data value in said level three memory. 

18. The data processing apparatus of claim 16, Wherein 
said transaction request is a request to evict said data value 
from said level one cache, said cache policy attributes indi 
cate that said data value is Writeback cacheable to said level 
tWo cache and said determining logic is further operable to 
store said data value to said level tWo cache, to evict said data 
value stored in said level one cache and to mark said evicted 
data value in said level tWo cache as being dirty unless said 
cache policy attributes indicate said evicted data value as 
being clean. 

19. The data processing apparatus of claim 12, Wherein 
said transaction request is a request to evict said data value 
from said level one cache and said determining logic is oper 
able to determine Whether said cache policy attributes indi 
cate that said data value is cacheable to said level tWo cache 
and, if not, said determining logic is further operable to evict 
said data value stored in said level one cache and to store said 
data value to said level three memory. 

20. The data processing apparatus of claim 12, Wherein 
said cache policy attributes comprise an inner attribute 
indicative of a cache policy adopted by said level one cache 
for said address value and an outer attribute indicative of the 
cache policy adopted by said level tWo cache for said address 
value. 

21. The data processing apparatus of claim 11, Wherein 
said cache policy attributes are provided for transactions 
relating to data values other than those representing instruc 
tions. 
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22. The data processing apparatus claim 11, further com- determining means for determining from said cache policy 
PI‘i Sing? _ _ _ _ attributes Whether or not said data value can be stored by 

Page tables assoclanng each data Value Wlth Pred?wrmln?d at least one said level one cache and said level tWo cache 
cache policy attributes. 

23. A data processing apparatus for caching data values, 5 
said data processing apparatus comprising a level one cache 
and a level tWo cache, said level one cache and said level tWo 
cache both for storing said data values, said data processing _ _ _ _ 
apparatus Comprising: level tWo cache at the same time even 1fsa1d cache pol1cy 

reception means for receiving a transaction request 10 attributes indicate that the said data value can be stored 
requesting a data transaction of a data value occur, said In both Sald level on Cache and Sald level tWO Cache 

transaction request including cache policy attributes 
associated With an address of said data value; and * * * * * 

and, if so, for determining in Which one of said level one 
cache and said level tWo cache said data value is to be 
stored in order to ensure that said data value is prevented 
from being stored in both said level one cache and said 


